At the end of life, cancer survivors often experience exacerbations of complex comorbidities requiring acute hospital care. Few studies consider comorbidity patterns in cancer survivors receiving palliative care. Aim: To identify patterns of comorbidities in cancer patients receiving palliative care and factors associated with in-hospital mortality risk. Design, Setting/Participants: New South Wales Admitted Patient Data Collection data were used for this retrospective cohort study with 47,265 cancer patients receiving palliative care during the period financial year 2001-2013. A latent class analysis was used to identify complex comorbidity patterns. A regression mixture model was used to identify risk factors in relation to in-hospital mortality in different latent classes. Results: Five comorbidity patterns were identified: 'multiple comorbidities and symptoms' (comprising 9.1% of the study population), 'more symptoms' (27.1%), 'few comorbidities' (39.4%), 'genitourinary and infection' (8.7%), and 'circulatory and endocrine' (15.6%). In-hospital mortality was the highest for 'few comorbidities' group and the lowest for 'more symptoms' group. Severe comorbidities were associated with elevated mortality in patients from 'multiple comorbidities and symptoms', 'more symptoms', and 'genitourinary and infection' groups. Intensive care was associated with a 37% increased risk of in-hospital deaths in those presenting with more 'multiple comorbidities and symptoms', but with a 22% risk reduction in those presenting with 'more symptoms'. Conclusion: Identification of comorbidity patterns and risk factors for in-hospital deaths in cancer patients provides an avenue to further develop appropriate palliative care strategies aimed at improving outcomes in cancer survivors.
What is already known about the topic?
• • Palliative care seeks to eliminate or manage distressing symptoms and may support cancer patients at their end lives still receiving care with curative intent. • • Co-existing morbidities may limit the choice of treatment and care in cancer patients, which complicates the overall care and in turn further increases the risk of death.
What this paper adds?
• • This study reveals five major patterns of complex comorbidities in palliative cancer patients receiving acute hospital care, that is, 'multiple comorbidities and symptoms', 'more symptoms', 'few comorbidities', 'genitourinary and infection', or 'circulatory and endocrine' group.
• • Cancer patients with 'few comorbidities' experienced the highest in-hospital mortality rate, and therefore their care was less complicated by comorbidities than other patients, and probably mainly related to cancer itself. • • The association between intensive care unit (ICU) care and in-hospital death varies across the identified five classes, with elevated risk in patients with 'multiple comorbidities and symptoms' and reduced risk in patients with 'more symptoms'.
Introduction
Cancer is a disease requiring continuing care and treatment. 1 Studies have shown that nearly half of people with cancer experience uncontrollable pain at the end of life and ultimately die in hospital. This phenomenon is particularly evident in high-income countries. 2, 3 Specifically, most advanced cancer patients have exacerbations of symptoms requiring urgent hospitalisation several times in the last year of their lives and many receive aggressive medical interventions, including extensive stays in intensive care units (ICUs), [3] [4] [5] [6] a trend that has increased over time. 7 Palliative care focuses on whole person care. It is concerned with patients' quality of life, comfort and support and places emphasis on both individual and family/carer needs. It may support the care of people still receiving care with curative intent. 8 It seeks to eliminate or manage distressing symptoms 1 and neither attempts to delay nor to accelerate death. 1, 2, 9 Palliative care is appropriately delivered to patients far earlier than just the last days of life. According to their unique circumstances, patients may receive palliative care for a few days, weeks, months or even years. 1, 2, 9 Cancer patients often have complex comorbidities. [10] [11] [12] More than half of cancer patients aged over 65 years will have at least one significant co-existing disease. 10 Concurrent diseases are closely related to mortality in cancer patients and frequently contribute as underlying causes of death. [12] [13] [14] [15] The presence of comorbidities may limit the choice of treatment and care, which in turn further increases the risk of death. 11, 16 Delivering optimal whole person palliative care to cancer patients requires careful attention to the management symptoms arising from the cancer and all comorbidities.
There is limited published research from administrative data sets regarding comorbidity patterns in cancer patients receiving palliative care. 10, 11 Defining common patterns of comorbidity in cancer patients receiving palliative care may assist clinicians to optimise whole-patient care; communicate with patients, their families and/or carers; and illuminate different progression trajectories for people in different clusters, which could in turn optimise the deployment of medical resources.
Latent class analysis is an effective method for identifying patterns in heterogeneous populations and is thus useful for filling the gap. 17, 18 Instead of generating all possible groupings, it classifies the data to the simplest clusters or classes. Researchers have identified subgroups of cancer patients using different measurements and have then distinguished the demographic and clinical characteristics of these subgroups. 5, 19, 20 A retrospective study in Taiwan identified three subgroups among aggressive palliative care patients, with the 'symptom crisis' group accounting for more deaths in hospital. 5 A Swedish retrospective study assessed differences in the causes of death among various subgroups and reported that 37.0% of patients with relieved pain died of comorbid circulatory conditions and 18.8% died of comorbid dementia. 19 Furthermore, a collaborative study between Australia and the United States identified four subgroups of distinct symptoms and reported their differences in relation to quality of life according to demographic and clinical characteristics. 20 However, the current literature review indicates a dearth of studies attempting to clarify comprehensive comorbidity patterns in the context of palliative care.
Therefore, using latent class modelling techniques, this study aims to identify patterns of complex comorbidities in cancer patients receiving palliative care, characterise demographic and clinical factors of patients in each identified subgroup and evaluate the association between subgroup characteristics and in-hospital deaths.
Methods

Data source
The New South Wales (NSW) Admitted Patient Data Collection (APDC) maintained by the NSW Health Department is a complete census of inpatient data from NSW hospitals. It covers all NSW public, private and repatriation hospitals in addition to private outpatient centres. The APDC data sets comprise inpatients' demographic and clinical information. Clinical reasons for hospital care were coded at separation using the Australian Modification of 10th version of International Statistical Classification of Diseases and Related Health Problems (ICD-10 AM). 21 In accordance with the Data Use Agreement established with the NSW Health Department, we selected cancer patients (ICD10-AM C codes) hospitalised for palliative care (Z51.5). There were multiple updates to the ICD-10 AM during the study period, which did not affect these codes. The study only considered cases for acute care (n = 48,553) to reduce the impact of multiple counting. Of the study population, approximately 2.7% (n = 1288) of study subjects were excluded on account of unknown age, gender, marital status, or postal residential address. Ethical approval was granted by the Australian National University Science & Medical Delegated Ethics Review Committee (#2016/030).
Measures
Latent indicator variables were comorbid disease groups (based on ICD-10 AM diagnosis codes). To ensure the presence within each latent class of sufficient numbers of patients with each disease group and make the comorbidity characteristics of patients in each subgroup more prominent, it was necessary to reject those comorbidities within the data set with a prevalence rate <10% (e.g. skin disorders and sensory impairment) or >85% (e.g. the commonly observed osteoporosis among the study population). Finally, 11 concurrent disease groups were considered for latent class analysis. These were infectious diseases, blood immune diseases, endocrine diseases, mental and behavioural disorders, nervous diseases, circulatory diseases, respiratory diseases, digestive diseases, genitourinary diseases, injury and poisoning and symptoms and signs. The presence of each comorbidity group was categorised as 'yes' or 'no'.
Distal outcome variable was in-hospital deaths, categorised as alive or death at separation. Patients' demographic and clinical characteristics were considered for latent mixture modelling, that is, sex as male or female; age group as under 65, 65-84, or 85+ years; marital status as partnered or single; rurality of residence as urban or rural; private insurance as yes or no; ICU use as yes or no; and severity of comorbidities as minor (Charlson Index score = 0), moderate (Charlson Index score = 1 or 2), or severe (Charlson Index score ⩾ 3) using the modified Charlson Index. 22 Financial year was treated as a continuous variable.
Statistical analysis
We used Stata 15.1 to calculate frequencies and proportions. We used Mplus 7.4 to run a series of latent class models to examine clusters of complex comorbidities in the study population. Stage 1 -latent class analysis: the five-class model was selected through a sequential comparison of k-class and (k − 1)-class model parameters (k starts from 2) ( Table 1) , with number of groups chosen based on interpretability, smaller value of the Akaike information criterion (AIC), the Bayesian information criterion (BIC), and the sample size-adjusted Bayesian information criterion (SABIC), as well as no significant improvement as assessed by the Lo-Mendell-Rubin (LMR) likelihood ratio test, and a relatively higher entropy score. [23] [24] [25] These model-based criteria primarily utilising the log-likelihood value, penalising model complexity and considering sample size, are the most recommended to select the number of classes. We compared all models using the BIC difference between kand (k − 1)-class models and observed a substantial decrease in BIC difference from 18,925.6 (between the two-class and one-class models) to 323.1 (between the six-class and five-class models). Although the six-class model had the smallest BIC, the BIC difference in comparison with the five-class model was relative small. Given a non-statistically significant result of LMR likelihood ratio test when comparing the six-and five-class models, we further plotted conditional probability for each latent indicator in the specific class, visualised the difference of class profile between models, and observed little material change in terms of class interpretation. Based on a non-statistically significant difference in the LMR likelihood ratio test comparing the five-and sixclass models, as well as interpretable classes and maximum membership probability to make a final class assignment, 18 the parsimonious five-class model was selected as the final model. To encapsulate the profile of each class, the conditional response probabilities of each latent indicator were plotted for each latent class. Stage 2 -latent class with the distal outcome: the identified latent class membership in relation to the distal outcome (inhospital death) was further quantified in terms of odds ratio (OR) and 95% confidence interval (CI), with statistical significance set as a p value < 0.05. 23, 26, 27 Considering underestimation error, 18, 23, 26 we used the 3-STEP approach in all subsequent regression analyses to correct the estimation error. 26 Stage 3 -regression mixture modelling: the identified latent class membership acting as a moderator was added to the regression model of independent variables (demographic and clinical characteristics) and the dependent variable (death outcome). 26
Results
Of the study population (47,265 cancer patients receiving palliative care), there were more males (56.2%), more aged 65-84 years (56.5%), more with partners (59.7%), more living in urban areas (91.5%), and more without private health insurance (73.1%) ( Table 2 ). Approximately 43.5% (n = 20,573) patients died in hospitals. Figure 1 illustrates the conditional probabilities for comorbidity groups in relation to five latent classes, based on multiple model selection criteria. The univariate entropy ranged from 0.12 to 0.28 for these comorbidity groups (Table 3) , reflecting a less clear separation of the classes based on their respective contribution alone, but a more realistic complex palliative care setting. Nevertheless, as indicated by the overall larger entropy (0.604), some of the classes have been very clearly distinguished. Class 1 consisted of 9.1% of the patients with a consistently high presence of all comorbidities, comprising a 'typical' patient with diabetes, hypertension, chronic kidney disease, functional intestinal disorders, urinary incontinence, nausea, vomiting, and cognitive impairment, referred to here as the 'multiple comorbidities and symptoms' group (Table 3 ). Approximately 27.1% of the patients were allocated membership of Class 2, referred to here as the 'more symptoms' group, comprising a 'typical' patient with functional intestinal disorders and volume depletion particular, the 'multiple comorbidities and symptoms' group ( Figure 2 ). Relative to those patients aged 65 years and above, younger patients appeared to be over-represented with 'more symptoms' and 'few comorbidities'. Patients in the 'multi-comorbidities and symptoms', 'more symptoms' or 'circulatory and endocrine' groups accounted for the majority of ICU care, and female patients were overrepresented in the 'genitourinary and infection' group.
Stage 1
Stage 2
In-hospital mortality is the highest for the 'few comorbidities' group (modelled probability: 0.55), followed by 'circulatory and endocrine' group (0.47), 'multiple comorbidities and symptoms' group (0.41), 'genitourinary and infection' group (0.40) and 'more symptoms' group (0.32). In comparison with those in the 'few comorbidities' group, patients in the 'circulatory and endocrine', 'multiple comorbidities and symptoms', 'genitourinary and infection' and 'more symptoms' groups were 29% (95% CI: 16%-40%), 44% (36%-50%), 46% (39%-52%) and 63% (59%-66%), respectively, less likely to die in hospitals.
Stage 3
Female patients with any complex comorbidity patterns were less likely to die in hospital (Table 4 ). While older age seemed protective in the 'multiple comorbidities and symptoms' group, it was associated with elevated risk of in-hospital deaths in other groups. Having private health insurance were associated with elevated mortality in patients from the 'multiple comorbidities and symptoms', 'more symptoms' and 'few comorbidities' groups. ICU care was associated with a reduced risk of in-hospital deaths for those presenting with more symptoms (Class 2) or few comorbidities (Class 3). The likelihood of in-hospital death increased over years in the 'more symptoms', 'few comorbidities', 'genitourinary and infection' and 'circulatory and endocrine' groups.
Discussion
This population-based study focusing on palliative cancer care in hospitals describes clusters of comorbidity burden variation in patients and suggests there may be challenges in the allocation of limited medical resources to these patients in the Australian acute hospital care setting. Although palliative cancer care is a high-priority research area in Australia and internationally, there is limited understanding of comorbidity patterns and how these vary across patient groups. To the best of our knowledge, this research constitutes the first latent class analysis of complex comorbidities in cancer patients for palliative care. The results indicate that multiple comorbidities cluster in unique ways. It was noted that females were less likely to die in hospital than males across all groups, which is consistent with previous research. 28 Similarly, all rural patients experienced a higher probability of death in hospitals, perhaps implying a general lack of acute medical resources in rural areas. Other than these, the probability of in-hospital deaths and associated risk factor profiles varies across these clusters. These findings point to the potential for optimising appropriate comorbidity care by focusing on these different patterns, which could assist hospital professionals to improve palliative care for cancer patients as well as to develop countermeasures and reduce in-hospital deaths. The 'few comorbidities' group accounted for 40% of the study population and demonstrated the highest inhospital mortality. There are two possible explanations of the observed high hospital mortality in this group. First, while in general ICU use may reduce risks of in-hospital deaths, in these patients ICU admission may not be consistent with the goals of care and this could explain the lowest ICU admission rates observed in this group, and, in turn, explain the higher observed mortality rates. Second, most patients had partners and families and possessed private health insurance. Both factors might positively correlate with the adoption of more aggressive medical care in an attempt to extend life without full comprehension of the patients' prognosis. However, both propositions are speculative and require further research to confirm their validity.
The in-hospital mortality among patients in the 'circulatory and endocrine' group was the second highest. No evidence was found that high use of ICU in this group significantly reduced the in-hospital deaths of these patients.
Furthermore, patients with partners were associated with elevated risk of in-hospital deaths. One possible explanation would be again related to excessive use of more aggressive care. It is worth noting, therefore, that the association between family involvement in clinical decisions and the extensive use of aggressive palliative care is an area warranting further investigation. For cancer patients presenting with 'circulatory and endocrine' comorbidities, clinical decisions should involve proper selection of appropriate care pathways to avoid excessive and ineffective aggressive end-of-life care.
Patients in the 'multiple comorbidities and symptoms' group had the third highest probability of in-hospital deaths. Because the comorbidity pattern of this group demonstrated the most complex profile, comprehensive care plans for this group would become more complex. ICU care in this group was commonplace, which somehow demonstrated a risk proxy for in-hospital death. This finding raises a question as to whether patients in this group have had their end-of-life care preferences explored and documented, including whether admission to an ICU is necessary, given that previous studies have reported aggressive ICU care in similar patients did not enhance lifespan. 29 In addition, holding private health insurance may make adoption of aggressive care more affordable in this group and, in turn, affect patients' survival. When patients access palliative care with complex comorbidity profiles, there is a need for clinicians to carefully discuss with them the potential benefits and harms of different interventions, including admission to ICU, and document these to mitigate the risk of adopting ineffective interventions during their hospital stay. The in-hospital mortality rate for the 'genitourinary and infection' group was lower than the previous three groups, possibly because the majority of these patients were females in whom the infections might be diagnosed then treated at an early stage. Considering infection was one of the leading causes of death in cancer patients, 16 the synergetic effect of infection and other comorbid conditions may affect a patient's chance of survival. For cancer patients with a 'genitourinary and infection' comorbidity pattern, palliative care would focus on the provision of appropriate management and control of infections.
The 'more symptoms' group had the lowest hospital mortality rate. These patients were the youngest of all the groups, which may contribute to the relatively low mortality rate for the entire group on average. ICU care reduced the risk of in-hospital death in these patients, which indicates that these patients were in a relatively ICU appropriate condition. Treatment focused on symptom relief would potentially meet their acute care needs. [30] [31] [32] Therefore, palliative care delivery for them may primarily involve multiple symptom relief treatment plans and consider the use of ICU care to alleviate symptoms and improve survival.
Future directions and implications
Palliative care often occurs in acute hospital care settings and palliative patients may not receive appropriate endof-life care in hospitals. Using an all-inclusive inpatient data collection, this study shows how comorbidity burden varies and clusters in cancer patients during acute hospital care. Variation among the five groups identified in the study suggests person-centred care should include comorbidity care that is informed by these patterns. This study further demonstrates apparent heterogeneity of in-hospital mortality in cancer patients with various comorbidity burdens. Combining the comorbidity patterns with the demographic and clinical characteristics of cancer patients may assist clinicians optimise care and plan resource allocation. Training in comorbidity pattern identification and person-centred adverse outcome evaluation for clinicians is recommended in different palliative care contexts.
Given the globally recognised right to high-quality care for all at the end of life, 33 it is important to tailor personalised palliative care programmes for all cancer patients that target the most relevant comorbidity patterns. Currently, there are multiple programmes aiming to improve the quality and safety of palliative care. [34] [35] [36] This study adds to the supportive evidence related to these programmes and emphasises the importance of identification of comorbidity patterns to improve care outcomes, which in turn facilitates the establishment of appropriate palliative care programmes, thereby not only avoiding deaths in hospital but also improving patient quality of life as a global achievement.
Limitations
Although model selection criteria based on model-derived statistics are recommended to determine the number of latent classes, trade-offs exist whether these statistical criteria act in concert or not. Clinical knowledge of the subject area is also important and required to guide model selection. In this study, we carried out a careful model comparison strategy considering the plausibility, interpretability, and parsimony, in addition to the statistical approach, and therefore our results are somewhat robust explaining the likely patterns of comorbidities in cancer patients receiving palliative care in NSW hospitals. Nonetheless, appropriate care should be given to interpret the identified number of classes when comparing results from other study settings. There are several limitations in this study. First, it is a descriptive study of observed patterns in an administrative data set and does not explain the underlying reasons for those observed patterns. It is possible that some cancer patients received appropriate palliative care and opted to die in hospitals as their preferred place of death. 37, 38 Second, the use of administrative APDC data limited the ability to comprehensively consider palliative care scenarios for risk adjustment. Based on a limited range of predefined data fields, the regression analysis was unable to differentiate effects from unmeasured factors or by chance alone. It would be prudent to be cautious extrapolating beyond the current study setting. Third, the entropy value (0.604) of the fiveclass model indicated errors in patient group assignment, and therefore association results should be interpreted with caution. Nonetheless, the identified patterns of comorbidities seem clinically relevant and thus an informative guide for those seeking to improve palliative care for cancer patients.
Conclusion
This study confirmed the heterogeneity and complexity of comorbidity profiles as well as their relationship to in-hospital deaths in cancer patients during their palliative care. Recognition of various patterns of comorbidities and identification of risk factors for in-hospital deaths provide an avenue to develop appropriate palliative care strategies with attention to improve care these patients deserve at the end of their lives, passing on in peace and dignity instead of uneasiness and fear.
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